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EXECUTIVE  SUMMARY 


A,  Objective 

The  purpose  of  this  research  was  to  perform  a  competitive  evaluation  of  low -pressure- 
drop  antimicrobial  particle  filter  media. 

B,  Background 

Traditional  purification  of  aerosol-contaminated  air  streams  has  been  performed  by 
mechanical  filtration.  Existing  particle  filters  will  stop  bacterial  and  viral  penetration  to 
an  extent  determined  by  filtration  efficacy,  and  that  efficacy  is  related  to  pressure  drop. 
There  is  a  need  to  develop  fdters  that  provide  protection  from  bio-aerosols  at  a  reduced 
pressure  drop.  One  example  of  this  need  is  that  many  ships  do  not  have  protection  from 
Biological  Warfare  (BW)  agents,  and  are  not  easily  retrofitted  due  to  existing  HVAC 
limitations.  One  possible  interim  solution  is  the  deployment  of  a  temporary  ship  intake 
filter  of  low  pressure  drop,  while  still  maintaining  high  filtration  efficiency  for  bioaerosols. 

A  promising  approach  to  increasing  the  efficacy  of  low-pressure-drop  filters  against  bio¬ 
agents  is  the  use  of  Self-Decontaminating  Materials  (SDMs).  Available  air  filters  based 
on  SDMs  were  evaluated  to  determine  the  current  status  of  these  technologies. 

Test  methodologies  for  determining  the  performance  of  SDM  filters  against  aerosol 
threats  were  sought  through  literature  search  and  collaboration.  Physical  and  chemical 
properties,  and  bio-filtration  efficiency  of  SDMs  under  current  Tech  Base  development 
(I3  resin,  A-halamines,  and  quaternary  amines)  and  COTS  filters  (e.g.,  Ag/Ag-H)  were 
evaluated. 

C,  Scope 

This  project  was  funded  for  the  initial  year  of  a  planned  three-year  effort.  A  literature 
review  was  conducted  to  identify  available  commercial-off-the-shelf  (COTS)  SDM  filter 
media.  Samples  of  these  COTS  materials  were  obtained  from  the  manufacturers  and  in- 
house  SDMs  were  prepared.  Screening  methods  were  evaluated  to  determine 
antimicrobial  activity  of  the  SDM  filter  media.  Limited  testing  of  SDMs  against  bio¬ 
aerosols  was  conducted. 

D,  Methods  and  Procedures 

Methods  developed  by  the  American  Association  of  Textile  Chemists  and  Colorists 
(AATCC)  for  testing  antimicrobial  fabrics  (AATCC  methods  100  &  147)  were  evaluated 
for  use  on  the  SDM  filter  media.  The  AFRL  bioaerosol  test  chamber  located  at  Tyndall 
AFB,  building  9768  was  used  to  challenge  the  media  in  a  filtration  test  with  a  bio¬ 
aerosol. 
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E,  Results 


Media  based  on  an  iodinated  polymerie  resin,  an  A^-halamine,  and  a  quaternary 
ammonium  salt  all  showed  signifieant  bioeidal  aetivity.  A  silver-based  medium  was 
ineffeetual.  The  same  media  that  gave  positive  results  in  the  sereening  tests  also  showed 
enhaneed  proteetion  in  preliminary  bioaerosol  testing. 

F.  Conclusions 

AATCC  methods  100  and  147  were  found  to  be  suitable  for  sereening  SDM  filter  media 
for  antimierobial  aetivity.  The  sereening  method  performanee  was  predietive  of  the 
performanee  in  bioaerosol  tests.  The  media  based  on  the  iodinated  polymerie  resin,  the 
quaternary  ammonium  salt,  and  the  A-halamine  merit  further  bioaerosol  testing. 

G.  Recommendations 

New  SDM  air  filtration  media  ean  be  sereened  with  AATCC  method  147  as  an  indieation 
of  possible  effieaey  against  bioaerosols.  Reeommend  an  in-house  program  be  established 
to  further  advanee  SDM  air  filtration  media,  as  multiple  eandidates  for  the  deployment  of 
this  teehnology  exist,  and  government  expertise  is  needed  to  guide  future  aequisition 
programs. 
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1,0  Introduction 


1.1  Objective 

The  purpose  of  this  research  was  to  evaluate  low-pressure-drop  (low-AP)  antimicrobial 
particle  filter  materials  currently  available,  and  to  develop  new  and/or  hybrid  low-AP 
antimicrobial  particulate  filter  materials. 

1.2  Background 

Traditional  purification  of  aerosol-contaminated  air  streams  has  been  performed  by 
mechanical  filtration.  Existing  particulate  filters  will  stop  bacterial  and  viral  penetration 
to  an  extent  determined  by  filtration  efficacy,  and  that  efficacy  is  related  to  pressure  drop 
(AP).  There  is  a  need  to  develop  filters  that  provide  protection  from  bioaerosols  at  lower 
AP. 

A  promising  approach  to  increasing  the  efficacy  of  low-AP  filters  against  bioagents  is  the 
use  of  self-decontaminating  materials  (SDMs).  Available  air  filters  based  on  SDMs  were 
evaluated  to  determine  the  current  status  of  these  technologies. 

AFRL/MLQL  has  been  developing  SDMs  for  such  non-filtration  applications  as  Battle 
Dress  Uniforms,  CBD  barrier  materials  and  shelter  fabrics  for  about  five  years.  One  focus 
of  activity  at  AFRL  is  a  class  of  compounds  called  A-halamines  (Worley  2005).  Other 
SDMs  under  development  elsewhere  supported  by  Defense  Threat  Reduction  Agency 
(DTRA)  funding  include  an  I3  resin  and  quaternary  amines. 

Test  methodologies  for  determining  the  performance  of  SDM  filters  against  aerosol 
threats  were  sought  through  literature  search  and  collaboration.  The  results  of  this  search 
are  listed  in  Appendix  A. 


1,3  Scope 

The  tasks  of  the  project  included  performing  a  survey  of  currently  available  COTS  filter 
materials,  obtaining  COTS  filter  samples,  preparing  or  obtaining  samples  of  filter 
materials  under  development  within  government  labs  (and  private  labs  where  available), 
evaluating  methods  to  screen  the  filter  materials,  and  performing  bioaerosol  tests  on  the 
filter  materials.  However,  this  project  was  funded  for  the  initial  year  of  a  planned  three- 
year  effort,  which  limited  the  effort  to  the  initial  set  of  SDM  filter  media  and  eliminated 
second-generation  filter  materials  and  the  production  of  additional  hybrid  filter  materials 
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2,0  Methods  and  Procedures 


2,1  Equipment 

For  the  screening  tests,  standard  microbiological  testing  supplies  such  as  Mueller-Flinton 
agar  plates,  cotton  swabs,  etc.  were  used. 

For  the  bioaerosol  tests  conducted  at  AFRL/MLQL,  an  aerosol  chamber  designed 
specifically  for  applying  bioaerosol  challenges  to  candidate  reactive  materials  was  used. 
The  BioAerosol  Test  System  (BATS,  Figures  1  and  2)  is  a  port-accessible  aerosolization 
chamber  communicating  with  a  temperature-controlled  mixing  plenum  and  thence  to  a 
sampling  plenum  supplying  a  homogeneous  aerosol  to  six  sampling  ports.  Three  six-jet 
Collison  nebulizers  (BGI  Inc,  Waltham,  Mass.)  deliver  a  mist  of  mean  diameter  -2  pm 
into  the  mixing  plenum  to  create  the  bioaerosols.  Air  is  drawn  into  a  central  vacuum  line 
along  a  path  from  the  sampling  plenum  through  parallel  lines  of  PVC  tubing  (Excelon® 
RNT,  US  Plastics,  Lima,  Ohio).  Each  path  runs  through  a  test  article  and  thence  through 
one  AGI-30  all-glass  impinger  (Chemglass,  Vineland,  N.J.)  partially  filled  with  a  liquid 
collection  medium.  The  volume  of  air  passing  in  each  path  is  controlled  by  a  mechanical 
flow  meter  (Blue-White  400,  Huntington  Beach,  California,  or  PMRl-101346,  Cole- 
Parmer,  Vernon  Hills,  Illinois).  At  the  end  of  the  sampling  path,  the  air  exhausts  through 
a  conventional  high-efficiency  particle-arresting  (HEP A)  filter  and  the  vacuum  pump  that 
drives  the  air  movement. 
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Figure  1,  Top  and  Side  View  of  BioAerosol  Test  System  (BATS)  Components, 
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Figure  2,  AFRL  Bio-Aerosol  Test  System  (BATS), 


2,2  Procedure 

2.2.1  Material  Selection  and  Preparation 

SDM  filter  media  based  on  four  different  chemistries  were  selected  for  testing:  silver,  N- 
halamines,  I3  resin,  and  quaternary  amines.  The  silver  and  I3  resin  media  were  obtained 
from  the  manufacturers. 

For  the  other  two  chemistries,  a  substrate  was  needed  to  create  an  air  filter  medium. 
Lydall,  Inc.,  a  manufacturer  of  non-woven  filter  media  used  in  HEPA  filters,  provided 
samples  of  HEPA-grade  media  and  near-HEPA-grade  media  onto  which  the  A-halamine 
and  quaternary  amine  treatments  were  applied.  Eydall  numbers  2991  and  3242  were  used. 

2.2.2  Screening  Tests 

AATCC  Method  147  (AATCC  2004)  and  Method  100  (AATCC  2004)  were  evaluated  as 
well  as  using  the  Kirby-Bauer  Method  (Amin  2006). 

2.2.3  Bio-aerosol  Tests 

Plat  sheet  material  supplied  by  APRL/MEQL  laboratories  were  cut  into  4. 7-cm  diameter 
discs  and  sealed  by  compression  into  an  O-ring  on  the  swatch  holder  (figure  3);  the 
integrity  of  this  seal  was  not  tested.  The  swatch  holder  was  then  plumbed  to  a  sampling 
port.  All  sets  of  measurements  included  a  positive  control,  a  port  which  was  sampled  with 
no  obstruction  in  the  airway.  The  number  of  plaque-forming  units  (PPUs)  measured 
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through  this  port  was  reported  as  the  challenge  level.  MS2  coll  phage  (ATCC  15597-Bl) 
stock  was  diluted  to  ~2  x  10^  PFU/mL  in  sterile  water  and  delivered  to  three  six-jet 
Collison  nebulizers.  Compressed  air  (20  psi)  was  fed  into  the  nebulizers  to  deliver  a 
uniform  microorganism-air  aerosol  that  was  drawn  into  the  plenum  box  of  the  BATS  and 
thence  through  the  test  articles  and  positive  control.  The  air  flow  through  each  swatch 
holder  was  5.4  LPM  and  the  total  test  time  was  1  hour. 

A  standard  plaque  assay  was  used  to  determine  phage  concentrations  of  the  samples  and 
the  positive  control.  Each  sample  was  serially  diluted  1:10  out  to  lO"'^  and  1-mL  aliquots 
of  each  dilution  were  used  in  the  plaque  assay  as  follows:  One  mL  of  the  test  solution 
was  mixed  with  1  mL  of  Escherichia  coli  (ATCC  15597)  culture  (grown  to  mid  log- 
phase)  and  9  mL  of  MS2  medium  (1%  tryptone,  0.1%  yeast  extract,  0.8%  sodium 
chloride,  and  0.1%  dextrose,  1%  agar),  held  at  55  °C.  The  solution  was  mixed  three  times 
then  poured  into  sterile  Petri  dishes.  The  Petri  dishes  were  incubated  overnight  at  37  °C 
and  plaques  were  counted  the  following  day.  Total  PLU  counts  were  determined  by 
averaging  the  PLUs  determined  on  the  triplicate  sample  plates,  and  then  multiplying  by 
the  dilution  factor  and  by  the  impinger  volume. 


Figure  3:  Swatch  Holders 


3.0  Results  and  Discussion 
3,1  Screening  Test  Results 

AATCC  Methods  100  and  147  gave  mutually  consistent  indications  of  antimicrobial 
activity  in  these  tests.  After  a  few  initial  trials.  Method  100  was  not  pursued  further,  due 
to  its  being  more  onerous  to  perform  than  Method  147.  Although  Method  100  is  more 
quantitative  than  the  agar-plate  methods,  aerosol  testing  is  required  to  determine  the 
effectiveness  of  air  filtration  media. 
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The  Kirby-Bauer  method  worked  equally  as  well  as  Method  147  in  identifying 
antimicrobial  activity,  and  is  preferred  because  the  sample  of  filter  medium  is  smaller,  so 
multiple  tests  can  be  conducted  in  one  agar  plate. 


Figure  4,  AATCC  Method  147  and  Kirby-Bauer  Method  for 
7V-halamine  and  Quaternary  Amine  Media 


Figure  5,  Kirby-Bauer  Method  for  Silver  and  I3  Resin  Media 
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AATCC  Method  147 
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Figure  6,  AATCC  Method  147  Summary  of  Results  for  SDM  Filter  Media,  Lydall 
3242  is  the  untreated  substrate  (control). 

In  general,  the  I3  resin,  quaternary  amines,  and  A^-halamines  displayed  eomparable  levels 
of  antimierobial  aetivity  in  the  screening  tests,  all  showing  significant  zones  of  inhibition 
around  the  samples.  The  silver  media  at  10%,  25%,  and  50%  loading  of  Ag  by  weight  all 
showed  no  antimicrobial  activity.  Some  inconsistency  was  evident  in  the  AFRL-prepared 
samples — a  fraction  of  the  replicates  had  no  activity  for  both  the  A-halamine  and 
quaternary  amine  treatments.  This  was  interpreted  to  be  a  result  of  problems  in  sample 
preparation,  and  not  representative  of  the  effectiveness  of  the  treatment  itself  All  of  the 
samples  were  thoroughly  rinsed  after  treatment  to  avoid  leaching  during  the  tests. 

3,1  Bioaerosol  Test  Results 

As  shown  in  Table  1,  both  the  A-halamine  and  quaternary  amine  treatments  showed  a 
dramatic  improvement  in  biological  filtration  efficiency  of  MS2  coli  phage  compared  to 

Table  1,  Bioaerosol  Test  Results 


Challenge  of  HEPA  material  with  MS2  coli  phage  (1  hour  @  5.4  L/min) 


Samples 

Viable  pentration  of  MS2  coli  phage 

Challenge 

3.00  E+06  PFU 

Untreated  HEPA 

1.40  E+04 

SM  051 305AQuat&  HEPA 

0* 

SM  051305G  TTDD  sol.  &  HEPA 

0* 

*  detection  limit  =  3.3  PFU 
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control,  essentially  eliminating  all  viable  penetration  of  the  challenge.  The  I3  resin  was 
not  tested  as  47-mm  disks  due  to  sample  availability,  but  showed  similar  results  when 
tested  as  an  assembled  canister. 

4,0  Conclusions 

AATCC  methods  100  and  147  were  found  to  be  suitable  for  screening  SDM  filter  media 
for  antimicrobial  activity.  Method  147  is  preferred  since  it  is  adequate  for  screening  and 
mueh  easer  to  perform  than  Method  100.  Small  sample  disks  (5  mm),  as  in  the  Kirby- 
Bauer  method,  can  be  substituted  for  the  normal  swatch  used  in  Method  147.  The 
screening  method  performance  was  predictive  of  the  performance  in  bioaerosol  tests. 
Media  based  on  the  iodinated  polymer  resin,  the  quaternary  ammonium  salt  and  the  N- 
halamine  all  proved  effective  in  enhancing  protection  during  bioaerosol  testing  and  merit 
further  investigation.  The  failure  of  the  silver-treated  materials  is  not  explained. 

5,0  Recommendations 

Recommend  an  in-house  program  be  established  to  further  advanee  SDM  air  filtration 
media,  as  multiple  candidates  for  the  deployment  of  this  technology  exist,  and 
government  expertise  is  needed  to  guide  future  acquisition  programs. 
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